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1
LOCATION CORRECTION

BACKGROUND

Modern smartphone devices are typically equipped with
location features. These devices may use signals from GPS
satellites to identify a location, determine a direction of
motion, and other navigation functions. However, in locations
where the GPS satellite signals are weak, for example, when
these devices are indoors, GPS may not function well or at all.

Some systems provide indoor navigation by using other
information, such as wireless network signals, Bluetooth sig-
nals, compass data and accelerometer data as well as existing
floor plans and pre-generated databases or indices of mea-
surements. These models may be incomplete or inefficient,
and may rely on dead reckoning calculations based on infor-
mation from orientation devices to fill in any gaps. Thus, these
systems make a guess, albeit a well-educated one, about
where the user actually is based on where the user was esti-
mated to be a short time ago. Because the error increases with
each subsequent estimation, the accuracy ofthese estimations
increases over time. Thus, after a short time, the estimated
location of the user may be fairly inaccurate.

Some navigation systems, such as Google Maps for
mobile, may allow users to indicate a problem with their
location determination. For example, users may report inac-
curate locations or even provide an actual location.

SUMMARY

One aspect of the disclosure provides a method of display-
ing a current location of a client device in anindoor space. The
method includes determining, by a processor, a current loca-
tion of a client device in an indoor space based on a previous
current location estimation and first measurements received
from one or more orientation devices. A map of the indoor
space and a location marker indicating the current location is
displayed, on a display of the client device. Input indicating a
corrected current location of the client device is received.
Input indicating a current heading of the client device is also
received. The method also includes determining a new cur-
rent location of the client device based on updated second
measurements received from the one or more orientation
devices and the corrected current location and the current
heading.

In one example, the display is a touch-sensitive display and
receiving the user input indicating a current heading includes
displaying a rotating feature on the touch-sensitive display
and receiving input on the touch-sensitive display indicating
rotation of the rotation feature to the current heading. In
another example, the display is a touch-sensitive display and
receiving the user input indicating a current heading includes
displaying a compass on the touch-sensitive display and
receiving input on the touch-sensitive display indicating a
heading on the compass. In yet another example, the display
is a touch-sensitive display and receiving the user input indi-
cating a current heading includes receiving information indi-
cating a finger swipe on the touch-sensitive display in a direc-
tion of the current heading with respect to the map.

In a further example, the method also includes generating
a log including the corrected current location, the current
heading, and the second measurements from the orientation
devices. In this example, the method may also include scan-
ning for wireless network access point information including
wireless network access point identifiers and signal strengths,
and wherein the generated log includes the wireless network
access point information. The method may also include trans-
mitting the log to a server computer for further processing.
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2

The method may also include receiving user input indicating
a second corrected current location of the client device;
receiving user input indicating a second current heading of
the client device within a predetermined period of time after
the user input indicating the current heading was received;
generating a second log including the second corrected cur-
rent location and the second corrected current heading; and
when user input indicating the second corrected current loca-
tion is received within a predetermined period of time after
the user input indicating the corrected current location was
received, associating the second log with the log including the
corrected current location, the current heading, and the sec-
ond measurements from the orientation devices.

In another example, the method may also include deter-
mining a path of the client device through the indoor space
based on the current location of the client device and the
previous current location of the client device. In this example,
after receiving the user input indicating the corrected current
location, a corrected path is determined based on the cor-
rected current location, the previous current location, and the
measurements received from the one or more orientation
devices. In this example, the method may also include dis-
playing the corrected path on the display.

Another aspect of the disclosure provides a device. The
device includes memory storing a location determining algo-
rithm used by devices to estimate current locations of the
devices. The device also includes a processor coupled to the
memory. The processor is configured to receive, from a first
client device, a log including information indicating a cor-
rected current location and a current heading received from a
user. The log also includes measurements from one or more
orientation devices. The processor is also configured to
update the location determination algorithm based on the log.
The processor is configured to transmit the updated location
determination algorithm to a second client device.

Another aspect of the disclosure provides a device for
displaying a current location of a client device in an indoor
space. The device includes a display for displaying informa-
tion to a user and for receiving input from a user. The device
also includes one or more orientation components for gener-
ating measurements about the orientation of the device. The
device further includes a processor coupled to the display.
The processor is configured to determine a current location of
the device in an indoor space based on a previous current
location estimation and first measurements received from one
or more orientation components. The processor is also con-
figured to prepare, for presentation on the display, a map of
the indoor space and a location marker indicating the current
location. The processor is also configured to receive user
input at the display, the user input indicating a corrected
current location of the device and a current heading of the
device. The processor is configured to determine a new cur-
rent location of the device based on updated second measure-
ments received from the one or more orientation components
and the corrected current location and the current heading.

In one example, the processor is also configured to gener-
ate a log including the corrected current location, the current
heading, and the second measurements from the one or more
orientation devices. In this example, the processor may also
be configured to scan for wireless network access point infor-
mation including wireless network access point identifiers
and signal strengths, and to incorporate the wireless network
access point information into the log. The processor may also
be configured to transmit this log to a server computer for
further processing. The processor may also be configured to
determine a path of the device through the indoor space based
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on the current location of the device and the previous current
location of the device and after receiving the user input indi-
cating the corrected current location, determine a corrected
path based on the corrected current location, the previous
current location, and the measurements received from the one
ormore orientation devices. The processor may be configured
to display the corrected path on the display. The processor
may also be configured to receive user input indicating a
second corrected current location of the device; receive user
input indicating a second current heading ofthe device within
apredetermined period of time after the user input indicating
the current heading was received; generate a second log
including the second corrected current location and the sec-
ond corrected current heading; and when user input indicat-
ing the second corrected current location is received within a
predetermined period of time after the user input indicating
the corrected current location was received, associate the
second log with the log including the corrected current loca-
tion, the current heading, and the second measurements from
the one or more orientation devices.

A further aspect of the disclosure provides a tangible com-
puter-readable storage medium on which computer readable
instructions of a program are stored. The instructions, when
executed by a processor, cause the processor to perform a
method of displaying a current location ofa client device in an
indoor space. The method includes determining a current
location of a client device in an indoor space based on a
previous current location estimation and first measurements
received from one or more orientation devices; displaying, on
a display of'the client device, a map of the indoor space and a
location marker indicating the current location; receiving
user input indicating a corrected current location of the client
device; receiving user input indicating a current heading of
the client device; determining a new current location of the
client device based on updated second measurements
received from the one or more orientation devices and the
corrected current location and the current heading; and gen-
erating a log including the corrected current location, the
current heading, and the second measurements from the ori-
entation devices.

In one example, the method further comprises transmitting
the log to a server computer for further processing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a functional diagram of a system in accordance
with an exemplary embodiment.

FIG. 2 is a pictorial diagram of the system of FIG. 1.

FIGS. 3A-3C are maps of an indoor space in accordance
with aspects of the disclosure.

FIG. 4 is another map of an indoor space in accordance
with aspects of the disclosure.

FIG. 5 is an example of a client device and screen shot in
accordance with aspects of the disclosure.

FIG. 6 is another example of a client device and screen shot
in accordance with aspects of the disclosure.

FIGS.7A and 7B are an example client device and example
screen shots in accordance with aspects of the disclosure.

FIGS. 8A and 8B are another example client device and
example screen shots in accordance with aspects of the dis-
closure.

FIGS. 9A and 9B are a further example client device and
example screen shots in accordance with aspects of the dis-
closure.

FIGS. 10A and 10B are another example client device and
example screen shots in accordance with aspects of the dis-
closure.
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4

FIG. 11 is an example flow diagram in accordance with
aspects of the disclosure.

DETAILED DESCRIPTION

As shown in FIG. 1, a system 100 for use with an embodi-
ment includes a computer 110 containing a processor 120,
memory 130 and other components typically present in gen-
eral purpose computers.

The memory 130 stores information accessible by proces-
sor 120, including instructions 131, and data 132 that may be
executed or otherwise used by the processor 120. The
memory 130 may be of any type capable of storing informa-
tion accessible by the processor, including a computer-read-
able medium, or other medium that stores data that may be
read with the aid of an electronic device, such as a hard-drive,
memory card, ROM, RAM, DVD or other optical disks, as
well as other write-capable and read-only memories. Systems
and methods may include different combinations of the fore-
going, whereby different portions of the instructions and data
are stored on different types of media.

The instructions 131 may be any set of instructions to be
executed directly (such as machine code) or indirectly (such
as scripts) by the processor. For example, the instructions may
be stored as computer code on the computer-readable
medium. In that regard, the terms “instructions” and “pro-
grams” may be used interchangeably herein. The instructions
may be stored in object code format for direct processing by
the processor, or in any other computer language including
scripts or collections of independent source code modules
that are interpreted on demand or compiled in advance. Func-
tions, methods and routines of the instructions are explained
in more detail below.

The data 132 may be retrieved, stored or modified by
processor 120 in accordance with the instructions 131. For
instance, although the system and method is not limited by
any particular data structure, the data may be stored in com-
puter registers, in a relational database as a table having a
plurality of different fields and records, XML documents or
flat files. The data may also be formatted in any computer-
readable format. By further way of example only, image data
may be stored as bitmaps comprised of grids of pixels that are
stored in accordance with formats that are compressed or
uncompressed, lossless (e.g., BMP) orlossy (e.g., JPEG), and
bitmap or vector-based (e.g., SVG), as well as computer
instructions for drawing graphics. The data may comprise any
information sufficient to identify the relevant information,
such as numbers, descriptive text, proprietary codes, refer-
ences to data stored in other areas of the same memory or
different memories (including other network locations) or
information that is used by a function to calculate the relevant
data.

The processor 120 may be any conventional processor,
such as commercially available CPUs. Alternatively, the pro-
cessor may be a dedicated controller such as an ASIC or other
hardware-based processor. Although FIG. 1 functionally
illustrates the processor and memory as being within the same
block, it will be understood by those of ordinary skill in the art
that the processor and memory may actually comprise mul-
tiple processors and memories that may or may not be stored
within the same physical housing. For example, memory may
be a hard drive or other storage media located in a server farm
of a data center. Accordingly, references to a processor,
memory, or computer will be understood to include refer-
ences to a collection of processors, memories or computers
that may or may not operate in parallel.
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The computer 110 may be at one node of a network 195 and
capable of directly and indirectly communicating with other
nodes of the network. For example, computer 110 may com-
prise a web server that is capable of communicating with
client devices 170 and 171 via network 195 such that server
110 uses network 195 to transmit and present information to
a user on display 163 of client device 171. Server 110 may
also comprise a plurality of computers that exchange infor-
mation with different nodes of a network for the purpose of
receiving, processing and transmitting data to the client
devices. In this instance, the client devices will typically still
be at different nodes of the network than any of the computers
comprising server 110.

The server 110 and client computers 170 and 171 are
capable of direct and indirect communication, such as over
network 195. Although only a few computers are depicted in
FIGS. 1-2, it should be appreciated that a typical system can
include a large number of connected computers, with each
different computer being at a different node of the network
195. The network, and intervening nodes, may comprise vari-
ous configurations and protocols including the Internet,
World Wide Web, intranets, virtual private networks, wide
area networks, local networks, private networks using com-
munication protocols proprietary to one or more companies,
Ethernet, WiFi (such as 802.11, 802.11b, g, n, or other such
standards), and HTTP, and various combinations of the fore-
going. Such communication may be facilitated by any device
capable of transmitting data to and from other computers,
such as modems (e.g., dial-up, cable or fiber optic) and wire-
less interfaces.

Each client device may be configured similarly to the
server 110, with a processor, memory and instructions as
described above. Each client device 170 or 171 may be a
personal computer intended for use by a person 190-191, and
have all of the components normally used in connection with
a personal computer such as a central processing unit (CPU)
160, memory 161 (e.g., RAM and internal hard drives) stor-
ing data 140 and instructions 161, an electronic display 163
(e.g., amonitor having a screen, a touch-screen, a projector, a
television, a computer printer or other device that is operable
to display information), end user input 164 (e.g., a mouse,
keyboard, touch-screen or microphone). The client device
may also include a camera 167, speakers, a network interface
device, and all of the components used for connecting these
elements to one another.

Although the client devices 170 and 171 may each com-
prise a full-sized personal computer, they may alternatively
comprise mobile devices capable of wirelessly exchanging
data with a server over a network such as the Internet. By way
of'example only, client device 160 may be a wireless-enabled
PDA, a cellular phone, a tablet PC, or a netbook capable of
obtaining information via the Internet. The user may input
information using a small keyboard, a keypad, or a touch
screen.

Although certain advantages are obtained when informa-
tion is transmitted or received as noted above, other aspects of
the system and method are not limited to any particular man-
ner of transmission of information. For example, in some
aspects, information may be sent via a medium such as a disk,
tape or CD-ROM. Yet further, although some functions are
indicated as taking place on a single client device having a
single processor, various aspects of the system and method
may be implemented by a plurality of computers, for
example, communicating information over network 195.

As shown in FIG. 1, the client devices may also include
geographic position component 165, to determine the geo-
graphic location of the client device. For example, client
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6

device 170 may include a GPS receiver to determine the
device’s latitude, longitude and altitude position. Thus, as the
client device changes location, for example by being physi-
cally moved, the GPS receiver may determine a new current
location. The component 165 may also comprise software for
determining the position of the device based on other signals
received at the client device 170, such as signals received at a
cell phone’s antennas from one or more cell phone towers if
the client device is a cell phone.

Client device 171 may also include one or more orientation
devices 166, such as an accelerometer, gyroscope, compass,
or any combination of these, to determine the direction in
which the device is oriented. For example, an accelerometer
may be used to detect the effect of gravity on the client device
measured, for example, in meters per second per second. By
way of example only, the client device may use input from the
accelerometer to determine the client device’s pitch, yaw or
roll (or changes thereto) relative to the direction of gravity or
aplane perpendicular thereto. In that regard, it will be under-
stood that a client device’s provision of orientation data (mea-
surements from one or more orientation devices) as set forth
herein may be provided automatically to the client device.

The orientation data received from the orientation device
may be used in various ways. For example, an accelerometer
or gyroscope may be used as a pedometer by running an
average of the acceleration values to identify which direction
is down (towards the Earth). A simple step detector may be
constructed by deciding a step has been taken each time the
component in the down direction is greater than an empiri-
cally-determined threshold. The distance of each step may be
approximated by using an approximate stride length or speed
of'a person.

The server may access map information 134. As described
in more detail below, the map information may include a
series of maps representing the spaces within a building. In
one example, the map information may be based upon a series
of'walls representing locations where a user may not walk (or
is not able to walk) within a building. For example, as shown
in FIG. 3A amap 310 includes an entrance 311, a plurality of
walls (such as walls 312-314) defining various rooms, hall-
ways, etc., as well as openings (such as doorways) of an
indoor space. These map features may enable to users to
identify various areas of the indoor space. In another
example, the map information may be based upon a series of
rails representing locations where a user may walk within a
building. For example, FIG. 3B depicts an exemplary dia-
gram of arail system 320 of the same indoor space of FIG. 3A.
The rails represent the locations at or near which a person is
likely to walk in the indoor space. To illustrate this, FIG. 3C
depicts rail system 320 on map 310. In some examples, all or
a portion of map information 146 may be transmitted as
needed to client devices for storage there as well. As
described below, all or a portion of the map information 134
may be transmitted to the client devices as needed and stored
locally at the client devices.

Data 134 of server 110 may include wireless network
access point model information 136. For example, a model
may include a set of locations associated with an indoor
space. Each location of the set of locations may be associated
with wireless network access point data describing the
expected wireless network access point signals and corre-
sponding signal strengths expected to be detected by a device
scanning for such signals at different locations of the map.
The model may include a simple block grid or a very refined
coordinate system. The expected wireless network access
point signals may be specific values or may be a range of
values. Again, all or a portion of the wireless network access
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point model information 136 may be transmitted to the client
devices as needed and stored locally at the client devices.

FIG. 4 depicts an example of the indoor space 300 of map
310 having 3 wireless network access points, AP1-AP3.
While the example of indoor space 300 includes only 3 wire-
less network access points located on the same level, any
number of wireless network access points may be used and
may be located at different levels within the same or different
indoor spaces.

The model associated with indoor space 300 may include a
grid map based on map 310, wherein each box of the grid is
associated with a set of wireless network access point iden-
tifiers and associated signal strengths for at least some of AP1,
AP2, and/or AP3. However, various other map schemes may
also be used. For example, the wireless network access point
map may actually comprise a list of locations and correspond-
ing wireless access point identifiers and signal strengths, a
topographical or intensity map of wireless access point iden-
tifiers and signal strengths, etc.

Returning to FIG. 1, data 140 of client device 171 may
store a time-indexed log 142 of measurements from one or
more orientation devices and wireless network access point
identifiers. For example, the log may include a timestamp,
sensor data (for example, from a compass, accelerometer,
and/or gyroscope), wireless network access point identifiers
(MAC address and/or SSIDs), and signal strengths. This data
need not include any payload information, but only that nec-
essary to identify a wireless network access point (or other
wireless network identifier) and its associated signal strength.
Returning to the example of FIG. 4 having access points AP1,
AP2 and AP3, an example log entry may be: {timestamp; AP1
and signal strength, AP2 and signal strength, and AP3 and
signal strength; measurements from the one or more orienta-
tion devices}. For every unit of time in the log, the client
device may record a log entry for that location. For example,
a log entry may be recorded periodically, such as every 0.1
seconds. As described in more detail below, the time-indexed
log may be transmitted to server 110 for processing.

Returning to FIG. 1, data 140 may also include one or more
location estimation algorithms 144. These algorithms may be
provided by the server and used to estimate the current loca-
tion of the client device. In some examples, the client device
may estimate its current location with respect to a map of the
indoor space. As described above, the algorithms may be
based on a combination of utilizing a wireless network access
point model for the indoor space and a dead reckoning cal-
culation. In this example, a client device may request and
receive all or a portion of a wireless network access point
model. The client device may then estimate its current loca-
tion by scanning for wireless network access point informa-
tion and calculating a location (such as an area of the map or
a more finite latitude and longitude coordinate pair) with
respect to the map. In another example, algorithms may uti-
lize a particle filter model to eliminate unlikely locations. In
yet another example, the algorithms may utilize the last
known GPS coordinates. As the client device is moved, the
client device may extrapolate is new location using use mea-
surements from one or more orientation devices to estimate
the movements of the client device relative to the previous
location estimate. Although the examples described herein
rely on wireless network access point models and measure-
ments from one or more orientation devices, it will be under-
stood that the location algorithms may also be based all or in
part on other location determination calculations such as GPS
signals.

In addition to the operations described below and illus-
trated in the figures, various operations will now be described.
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It should also be understood that the following operations do
not have to be performed in the precise order described below.
Rather, various steps may be handled in a different order or
simultaneously. Steps may also be omitted unless otherwise
stated.

A user may sign up or opt to participate (a “participant”) in
walking his or her client device through the indoor space in
order to collect the time-indexed logs described above. Par-
ticipants may be required to take an affirmative step in order
to select or “opt-in” to participate. For example, participants
may be required to sign in to a service before receiving the
route or providing any information. Participants may be paid
for the data provided and may also be provided with an
explanation of how and why their feedback is being used.
Similarly, participants may be provided with the opportunity
to cease participation temporarily or permanently at any time.

After opting to participate, the participant’s client device
may identify an initial location for the time indexed log. In
one example, a participant may actively input the initial loca-
tion, for example, by selecting a point on a display or entering
an address or other location identifying information. In
another example, the participant may scan a bar code or
capture an image of some other feature of the indoor space
associated with a known location (for example, a picture of a
door, sign, monument, or some other feature associated with
a location in the indoor space). The barcode or geolocated
feature may cause the client device to identify a location to be
used as a beginning location for a time-indexed log. For
example, the geolocated feature or barcode may include
information for identifying a location (such as by requesting
information from a server) or just an identifier to be associ-
ated with the time indexed log. In another example, the client
device may begin a time-indexed log by storing the last
known GPS coordinate of the client device as a beginning
location for the time indexed log. The client device may also
identify an initial location based a coarse wireless network
access point proximity-based localization algorithm, for
example, that makes use of a stored set of wireless network
access point locations such as a model built from previous
time indexed logs of the same area. This information (point on
a map, address, GPS coordinates, code, location identifier,
etc.) may be used later by a server to identify the actual initial
location.

In some examples, the client device may identify a relevant
map of an indoor space and display it on a display of the client
device. For example, a map may be provided to the client
device in response to a request transmitted to the server or
retrieved from local memory of the client device. The map
may be requested or retrieved based on the bar codes or
geolocated features described above, the last known GPS
coordinates of the client device (e.g. immediately before
entering a building), an address, or any other identifying
information in putted by the participant. As shown in FIG. 5,
client device 171 displays a map 510, corresponding to a
portion of map 310, on touch-sensitive display 505. While the
participant walks through the indoor space, the client device
may record the time-indexed log of measurements from one
or more orientation devices 166, wireless network access
point identifiers, and associated signal strengths.

The client device may then display the estimate location to
the user. The location estimation may be based on the location
estimation algorithms described above. The location estima-
tions may be made periodically, for example, as often as data
is recorded in the time-indexed log or even less often to
reduce the amount of calculations required at the client
device. As the client device is moved, the location estimations
may be linked together to form a path through the indoor
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space. For example, as shown in FIG. 6, client device 171
displays an estimated path 610 followed by the client device
to the estimated current location represented by location
marker 620.

Over time, the estimation of the client device’s current
location may become less and less accurate. For example, the
inaccuracy may be caused by imperfect sensor measure-
ments, unreliability or changes to wireless network access
points, compounded error, etc. This may make the displayed
information less useful to the participant, for example, ifhe or
she is navigating through the indoor space or simply curious
about his or her location.

The client device may allow auser to correct the location of
the client device displayed on the touch-sensitive display as
shown with respect to FIGS. 7A and 7B. In one example, a
participant may use his or her finger 790 to select the partici-
pant’s (and the client device’s) current location at location
marker 620 in room 730 of map 510. The participant may user
his or her finger to drag the location marker to a new location,
as shown in FIG. 7B. In this example, the user has moved the
location marker 620 to a new location represented by location
marker 740 in room 750.

In another example, once the participant has selected the
incorrect location marker (location marker 620 of the
example of FIG. 7A), the client device may display a popup
message or menu. The participant may then select an optionto
correct the location and select the new location by tapping the
desired location on the display.

Once the location has been corrected, the previous location
estimations, and the path between them, may also be cor-
rected as well. The corrected location may be used as a new
starting point for the particle filter and/or dead reckoning
calculation. In other words, the new, corrected location may
trump the previous current location estimation. For example,
once the location marker has been moved as shown in FIG.
7B, path 610 is now repositioned to path 710. In other words,
all of the locations along the path 610 are recalculated based
on anew current location represented by location marker 740.

In some examples, once the location has been corrected,
the participant may also indicate his or her current heading.
For example, the sensor information may be used to deter-
mine an approximate heading. This information may be used
in conjunction ith the layout of the indoor space in order to
determine the heading ofthe user. As shown in FIG. 8A, once
the user has selected a new current location, the client device
may display a compass 810 and a request 830 that the partici-
pant indicate his or her current heading with respect to the
displayed map. Compass 810 may initially be displayed with
an estimated heading 820, based on measurements received
from the one or more orientation devices, or simply a default
heading (always initially up or down, etc.). The participant
may then indicate the new heading by tapping the desired
location on the compass indicating the correct heading. As
shown in FIG. 8B, the participant has indicated that the new
heading 840 is left relative to the displayed map. Once the
participant is satisfied with the new heading, he or she may
select an option, such as button 850, to confirm the new
heading.

In another example, as shown in FIG. 9A, once the user has
selected a new current location, the client device may display
awheel 910 and a request 930 that the participant indicate his
or her current heading with respect to the displayed map. Like
compass 810, wheel 910 may include an arrow 920 indicating
aninitial estimated heading, based on measurements received
from the one or more orientation devices, or simply a default
heading (always initially up or down, etc.). Rather than select-
ing a portion of wheel 910 (as with the example of compass
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810), a participant may rotate the wheel until the arrow is
moved into a desired orientation with respect to the map. As
shown in FIG. 9B, the participant has indicated that the new
heading indicated by the direction of arrow 940 is right rela-
tive to the displayed map. Once the participant is satisfied
with the new heading, he or she may select an option, such as
button 950, to confirm the new heading.

In addition to selecting a point on a compass or rotating a
wheel, other methods may also be used to indicate the par-
ticipant’s new heading. For example, returning to the
example of F1G. 9B, a user may swipe his or her finger across
the touch-sensitive display ofthe client device in the direction
of'the participants heading. For example, if the user is heading
towards the right side of the map, a swipe of a finger away
from the left side 960 of the display and towards the right side
962 of the display may be used to indicate this heading.
Similarly, if the user is heading towards the bottom of the
map, a swipe of a finger away from the top side 964 of the
display and towards the bottom side 966 of the display may be
used to indicate this heading. The top, bottom, right and left
sides will be relative to the orientation of the device, thus, the
participant need only swipe relative to the displayed image of
the map rather than the actual display itself. Although in the
examples of FIGS. 8A, 8B, 9A, and 9B, the client device has
already calculated the new path 710, this new path may be
calculated after the new heading information has been input
by the participant. This may allow the client device to
increase the accuracy of the estimated previous locations of
the client device as well as the path between these locations.

In some examples, when the user is walking through the
indoor space, the client device may display not only the
estimated path, but also an estimated heading. In this
example, depicted in FIG. 10A, direction indicator 1020 indi-
cates the estimated heading of the client device withrespectto
the map 510. Once the user has corrected the current location
and heading, as shown in FIG. 10B, direction indicator 1020
depicts the new heading input by the participant.

In this example, the user may observe that the current
location and/or heading are incorrect and select to correct
them. Thus, as described above, the user may select the direc-
tion indicator 1020 using his or her finger 710. The client
device may display a menu or an option to correct the location
and heading, location only, or heading only. If the user selects
to correct the location and the heading, he or she may continue
to do so using, for example, any of the options described
above. If the user selects to correct the location only, he or she
may simply tap on the desired location or drag the direction
indicator to the desired location as described above. If the user
selects to correct the heading only, he or she may do so using
the compass, wheel, or swipe examples described above.

After the new location, and in some examples the direction
of movement, have been received by the client device, this
information may be logged for later use. For example, a client
device may log the new corrected location, the previous loca-
tion estimation, the new corrected heading, and the sensor
data. This information may be stored in the time-indexed log
or at some other location.

In another example, rather than treating all corrections as
independent from one another, two consecutive inputs may be
linked together. For example, if the user changes the position
of the location indicator and the client device subsequently
displays the client device moving in an incorrect direction, the
user may change the position or heading of the location indi-
cator. As these changes are made within a short period of time,
such as a few seconds or more, this information may be
processed and/or logged together. By linking multiple correc-
tions, the accuracy of the location determination may
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increase, and in addition, this information may be more useful
when processed by the server as described below.

The time-indexed logs and the corrected location and head-
ing information may be transmitted to a server. For example,
aparticular time-indexed log may be transmitted to the server
periodically during the collection of the time-indexed log. In
another example, the time-indexed log may be transmitted to
the server when the participant affirmatively requests to do so,
for example, by selecting an option to transmit or “share” the
time indexed log with the server. The time-indexed log may
also be transmitted automatically when a participant scans a
barcode, captures an image of a feature associated with a
known location as described above, or leaves the indoor
space. In some examples, the time-indexed log may include
an ending location input by the participant or identified by the
client device (for example, by recording a GPS location once
the client device has left the indoor space).

Although the correction information may be most useful to
the server and later processing when it is included in or
associated with a time-indexed log, the client device need not
be generating the time-indexed log in order to use and benefit
from the corrections to the location and/or heading estima-
tions described above. For example, rather than logging mea-
surements from one or more orientation devices and other
information, the client device may simply display the current
estimated location, and in some examples, path of the client
device. This may be useful to a user who wants to determine
his or her location in the indoor space or find a particular
location (such as a restroom or conference room). When the
user decides to correct the location and/or heading informa-
tion, he or she may use any of the examples described above.
As with the time-indexed log example, the correction infor-
mation (new and old locations and headings) and measure-
ments from the one or more orientation devices may be
logged and transmitted to the server for further processing.

The server may process the time-index logs in order to
generate or increase the accuracy of the model information
for the indoor space. For example, the server may receive the
time-indexed logs from a plurality of client devices. Each
time-indexed log may be analyzed, for example, to identify a
set of possible locations and possible headings which make
up a path of the particular client device that collected the
time-indexed log in the indoor space. The accuracy of the
paths may be increased by incorporating the correction infor-
mation into the determination of the paths. The path data may
then be used to generate a wireless network access point
model orto update or correct an existing model. The path data
may also be used to detect errors in a model or map, for
example, where one or more client devices have taken a path
through an area which was not indicated to be passable in the
model or map.

This data may also be used to increase the accuracy of
location and/or heading estimations made at other client
devices, including those which do not provide correction
information and/or have all of the sensors described above.
For example, a client device may send the correction infor-
mation to a server. The server may use the correction infor-
mation to increase the accuracy of the location estimation
algorithms. This information may then be shared with other
client devices in order to update the location algorithms used
by these client devices. The updated location algorithms may
in turn increase the accuracy of the location estimations at
these other client devices.

The wireless network access point models may then be
used to provide location-based services to client devices in
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the indoor space. For example, the models may be used to
provide navigation, advertising, social networking, and other
such services.

Flow diagram 1100 of FIG. 11 depicts an example of some
of the features described above. For example, at block 1102,
the client device determines a current location, and in some
examples a heading, in an indoor space. As in the examples
described above, the estimation is based on information
received from one or more orientation devices. The client
device also determines a path through the indoor space based
on the current and previous location estimations at block
1104. A map and a location marker indicating the current
location of the client device relative to the map may be dis-
played on the display of the client device at block 1106. As
noted above, the path may also be displayed.

The flow may then return to block 1102 so that a new
current location is estimated, an updated path is determined at
block 1104, and this information is again displayed to the user
atblock 1106. This is repeated until the client device receives
input from the user. For example, once a user decides that the
current location estimation is inaccurate, he or she may input
a corrected location and heading using any of the examples
described above. This user input indicating the corrected
current location and headings may be received by the client
device at blocks 1108 and 1110, respectively. This informa-
tion may be used to determine a corrected path at block 1112.
The corrected path and corrected location may be displayed at
block 1114. In some examples, the client device may also
display the corrected heading as well. At this point, the flow
returns to block 1102, and the client device uses the corrected
location and heading to determine the current location of the
client device.

Returning to block 1110, once the client device has
received the user input indicating the corrected location and
corrected heading, the client device may also store this infor-
mation. For example, at block 1116, the client device gener-
ates a log entry including the corrected location, corrected
heading, and current measurements from the one or more
orientation devices. This log may then be transmitted to a
server for further processing as described above at block
1118.

Allowing a participant to correct the location and/or head-
ing of the client device provides a number of benefits. For
example, the present disclosure provides an intuitive and user
friendly way to correct inaccurate locations and headings. In
addition, by correcting the location and heading of the client
device, the participant may immediately be able to receive
more accurate location based services (advertisements, direc-
tions, information about the indoor space, etc.). In addition,
correction data may be processed and used to increase the
accuracy of models and calculations used for future location
estimations.

As these and other variations and combinations of the
features discussed above can be utilized without departing
from the subject matter defined by the claims, the foregoing
description of the embodiments should be taken by way of
illustration rather than by way of limitation of the subject
matter defined by the claims. It will also be understood that
the provision of the examples disclosed herein (as well as
clauses phrased as “such as,” “including” and the like) should
not be interpreted as limiting the claimed subject matter to the
specific examples; rather, the examples are intended to illus-
trate only one of many possible embodiments. Further, the
same reference numbers in different drawings may identity
the same or similar elements.
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The invention claimed is:

1. A method of displaying a current location of a client
device in an indoor space, the method comprising:

determining, by a processor, a current location of a client

device in an indoor space based on a previous current
location estimation and first measurements received
from one or more orientation devices;

displaying, on a display of the client device, a map of the

indoor space and a location marker indicating the cur-
rent location;

receiving user input indicating a corrected current location

of the client device;

receiving user input indicating a current heading of the

client device; and

determining a new current location of the client device

based on updated second measurements received from
the one or more orientation devices and the corrected
current location and the current heading.

2. The method of claim 1, wherein the display is a touch-
sensitive display and receiving the user input indicating a
current heading further comprises:

displaying a rotating feature on the touch-sensitive display;

and
receiving input on the touch-sensitive display indicating
rotation of the rotation feature to the current heading.

3. The method of claim 1, wherein the display is a touch-
sensitive display and receiving the user input indicating a
current heading further comprises:

displaying a compass on the touch-sensitive display; and

receiving input on the touch-sensitive display indicating a

heading on the compass.

4. The method of claim 1, wherein the display is a touch-
sensitive display and receiving the user input indicating a
current heading further comprises receiving information indi-
cating a finger swipe on the touch-sensitive display in a direc-
tion of the current heading with respect to the map.

5. The method of claim 1, further comprising generating a
log including the corrected current location, the current head-
ing, and the second measurements from the orientation
devices.

6. The method of claim 5, further comprising scanning for
wireless network access point information including wireless
network access point identifiers and signal strengths, and
wherein the generated log includes the wireless network
access point information.

7. The method of claim 5, further comprising transmitting
the log to a server computer for further processing.

8. The method of claim 5, further comprising:

receiving user input indicating a second corrected current

location of the client device;

receiving user input indicating a second current heading of

the client device within a predetermined period of time
after the user input indicating the current heading was
received;

generating a second log including the second corrected

current location and the second corrected current head-
ing; and

when user input indicating the second corrected current

location is received within a predetermined period of
time after the user input indicating the corrected current
location was received, associating the second log with
the log including the corrected current location, the cur-
rent heading, and the second measurements from the
orientation devices.
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9. The method of claim 1, further comprising:

determining a path of the client device through the indoor

space based on the current location of the client device
and the previous current location of the client device;
and

after receiving the user input indicating the corrected cur-

rent location, determining a corrected path based on the
corrected current location, the previous current location,
and the measurements received from the one or more
orientation devices.

10. The method of claim 9, further comprising displaying
the corrected path on the display.

11. A device for displaying a current location of a client
device in an indoor space, the device comprising:

a display for displaying information to a user and for

receiving input from a user;

one or more orientation components for generating mea-

surements about the orientation of the device;

a processor coupled to the display, the processor being

configured to:

determine a current location of the device in an indoor
space based on a previous current location estimation
and first measurements received from one or more
orientation components;

prepare, for presentation on the display, a map of the
indoor space and a location marker indicating the
current location;

receiving user input at the display, the user input indi-
cating a corrected current location of the device and a
current heading of the device; and

determine a new current location of the device based on
updated second measurements received from the one
or more orientation components and the corrected
current location and the current heading.

12. The device of claim 11, wherein the processor is further
configured to generate a log including the corrected current
location, the current heading, and the second measurements
from the one or more orientation devices.

13. The device of claim 12, wherein the processor is further
configured to scan for wireless network access point infor-
mation including wireless network access point identifiers
and signal strengths, and to incorporate the wireless network
access point information into the log.

14. The device of claim 13, wherein the processor is further
configured to transmit the log to a server computer for further
processing.

15. The device of claim 13, wherein the processor is further
configured to:

determine a path of the device through the indoor space

based on the current location of the device and the pre-
vious current location of the device; and

after receiving the user input indicating the corrected cur-

rent location, determine a corrected path based on the
corrected current location, the previous current location,
and the measurements received from the one or more
orientation devices.

16. The device of claim 15, wherein the processor is further
configured to display the corrected path on the display.

17. The device of claim 12, wherein the processor is further
configured to:

receive user input indicating a second corrected current

location of the device;

receive user input indicating a second current heading of

the device within a predetermined period of time after
the user input indicating the current heading was
received;
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generate a second log including the second corrected cur-
rent location and the second corrected current heading;
and

when user input indicating the second corrected current

location is received within a predetermined period of 5

time after the user input indicating the corrected current
location was received, associate the second log with the
log including the corrected current location, the current
heading, and the second measurements from the one or
more orientation devices.

18. A non-transitory tangible computer-readable storage
medium on which computer readable instructions of a pro-
gram are stored, the instructions, when executed by a proces-
sor, cause the processor to perform a method of displaying a
current location of a client device in an indoor space, the
method comprising:

determining a current location of a client device in an

indoor space based on a previous current location esti-
mation and first measurements received from one or
more orientation devices;
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displaying, on a display of the client device, a map of the
indoor space and a location marker indicating the cur-
rent location;
receiving user input indicating a corrected current location
of the client device;
receiving user input indicating a current heading of the
client device; and
determining a new current location of the client device
based on updated second measurements received from
the one or more orientation devices and the corrected
current location and the current heading; and
generating a log including the corrected current location,
the current heading, and the second measurements from
the orientation devices.
19. The medium of claim 18, wherein the method further
comprises transmitting the log to a server computer for fur-
ther processing.
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